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Introduction
Obstructive sleep apnea (OSA) is characterized by recurrent episodes of pharyngeal collapse, causing partial or total obstruction of air flow, and resulting in cardiorespiratory and neurological imbalance during sleep, in addition to promoting changes in behavioral characteristics and daytime neurocognition (1, 2) . The sudden changes of lung pressures and volumes cause oxygen desaturation, respiratory acidosis, activation of the sympathetic nervous system and imbalance in sleep stages (3) . In OSA, the sleep phases are interrupted by episodes of apneas and hypopneas, which can result in reduced vitality and overall mental and physical health (4) . These combined factors predispose patients to higher rates of morbidity and mortality (5, 6) .
Among the main therapeutic options in the management of patients with OSA, non-invasive ventilation in the form of continuous positive airway pressure (CPAP) is indicated as the first line of treatment (7), with great results on quality of sleep and life (8) , improved functional condition (9) and positive repercussions on cardiovascular risk and mortality rates (5) . Widely prescribed and used by physical therapists, the use of CPAP reduces episodes of apneas and hypopneas and levels of inflammatory markers such as C-reactive protein, tumor necrosis factor-α and Interleukin-6 (10).
The main challenges to the implementation of and adherence to CPAP arise from difficult adaptation to airflow, the interface used and noise nuisances reported by some patients (11) (12) (13) , which result in nonadherence in the first month of treatment by 30% of patients (14) . However, given the importance of CPAP for the management of OSA, publication of the immediate effects of this therapy may be a strategy to enhance initial adherence by patients to treatment. Thus, this study aimed to investigate the acute effects of CPAP on the first night of use on polysomnographic variables in subjects with OSA.
Materials and methods
This study is a case series whose participants included 31 patients with clinical diagnosis of OSA being treated at the Sleep Institute of Santa Maria (SISM), who were randomly selected between December 2012 and March 2013. The project was approved by the Research Ethics Committee of the Federal University of Santa Maria (CAAE: 08798612.0.0000.5346/2012), as per resolution 196/96 of the National Health Council, and all subjects signed a free and informed consent form.
Patients of both sexes were included in the study, with no age limit, and each underwent the basal nocturnal polysomnography (PSG). Patients with cognitive dysfunction that would prevent the understanding of evaluations, with a diagnosis of chronic lung disease, smokers and other sleep-related disorders were excluded from the study.
The subjects were selected based on the analysis of patient records, and evaluated according to the routine schedule of the health care service. The PSG was performed on the first night for diagnosis of OSA and basal data collection, and on the second night the PSG was performed in association with use of CPAP, for titration of pressure to be established, and definition of the optimal parameters for each patient.
Polysomnographic evaluation
The patients filled out a screening document with records of body weight, height and body mass index (weight/height 2 ). They then received guidelines regarding installation of the electrodes on their head, face and chest, temperature sensors and movement of air in their nostrils and mouth. After all doubts were clarified, the electrodes were installed on the patient, who was requested to lie down, relax and try to sleep (15) . The PSG evaluated sleep stages 1, 2 and 3 (N1, N2 and N3), rapid eye movement (REM) sleep, apnea-hypopnea index (AHI), AHI in REM sleep (AHIREM), average peripheral oxygen saturation during sleep (SpO 2 med), average heart rate during sleep (HRmed), micro-arousal index (MAI) and total sleep time (TST). The evaluation was overseen by a trained specialist using a digital polygraph (Homed brand Icelera™ Fast-poly model, São Paulo) with six channels for electroencephalography (EEG), two channels for electrooculography, two channels for electrocardiogram, two channels for chin electromyogram, two channels for leg electromyogram, two extra channels for legs, bruxism or EEG, one channel for SpO 2 and one channel for heart rate. Additionally, air flow sensors, thoracic and abdominal straps, a microphone for snoring, position sensor, pressure transducer with flow cannula, pressure transducer with cannula for snoring and an extra channel for the CPAP were used. These were associated with pulse oximetry and a video system integrated with infrared to monitor the polysomnographic variables and vital signs.
Installation and CPAP titration
Initially, the most suitable type of mask for the patient's breathing pattern (oronasal mask for oral respirator or nasal mask for nasal respirator) was defined. The mask was placed on the face of the patient without handles for compression, using the CPAP with minimum pressure of 4 cmH 2 O for around five minutes to adapt to the interface and air flow. After this period, the patient lay down and started sleeping under the supervision of a physical therapist with technical training and experience in the management of CPAP during sleep, which remained attentive to physiological changes and responses during the entire period. CPAP pressure was increased by 1 cmH 2 O in the following situations: occurrence of two or more obstructive apneas, three or more hypopneas, five or more microarousals, and three minutes or more of loud or unequivocal snoring in a period less than or equal to five minutes. Titration was performed in ascending order according to the respiratory events observed, remaining for a period of ≥ 30 minutes without the occurrence of event, and maintaining a maximum of 20 cmH 2 O (16) for approximately 5 hours.
Statistical analysis
The software Statistical Package for the Social Sciences (SPSS) version 13.0 was used. Analysis of data distribution was performed by means of the Kolmogorov-Smirnov normality test. The data are presented as mean, standard deviation and percent variation. Comparison between interventions occurred by paired Student's t-test. A probability of less than 5% was considered to be statistically significant (p < 0.05).
reduction in N2 and increase in N3 and REM sleep during the evaluation with use of the CPAP. The results also showed reduction in AHI, AHIREM and MAI values. N1 and TST did not change with the use of CPAP ( Note: HRmed = average heart rate during sleep; SpO2med = average peripheral oxygen saturation during sleep; AHI = apnea-hypopnea index; AHIREM = apnea-hypopnea index in REM sleep; MAI = micro-arousal index; TST = total sleep time.
Discussion
The main findings of this study demonstrate that on the first night of use, CPAP reduced N2, AHI, AHIREM, MAI and HRmed values, while N3, REM sleep and peripheral oxygen saturation increased.
Among the effects of CPAP, the identification of decrease in N2 stage and increase in N3 stage and REM sleep enabled a broader analysis, which indicated a greater balance between the phases of sleep, with consequent improvement of their quality. The N2 stage is an intermediate stage of non-REM sleep, characterized by low-voltage waves, loss of consciousness, and decreased muscle tone and heart and respiratory rates in relation to awake time and N1 (17) . It is the longest stage of sleep, occupying 45% to 55% of TST, and its reduction observed in this study is possibly the result of the decrease in MAI, because the occurrence of microarousals interrupts the N3 stage, with the cyclical return and increase in the N2 stage (18).
The N3 stage is considered the deepest sleep, when the greatest cardiorespiratory balance occurs, and its duration should compose TST by a minimum duration of 15% (17) . At this stage, an individual has absence of eye movements, and EEG features present slow waves of low frequency and high amplitude (delta waves). Hormonal release linked to growth also occurs in this stage, as well as recovery from cellular homeostasis and daily fatigue (15) . The findings of this study show that on the first night of CPAP usage there was an increase in N3 stage, which can be decisive for improvement in the overall quality of sleep and effective recovery of daytime fatigue.
Another important finding of this investigation was the increased period of REM sleep, which During the night of CPAP titration there was an increase in peripheral oxygen saturation, which can be expected due to some typical effects of positive pressure ventilation. Among them, the increase in pulmonary compliance, vital capacity, residual functional capacity, and reduction of respiratory work and rate (26) . Moreover, the phenomenon of opening the Kohn pores and Lambert canals is well-documented, both responsible for intercommunication between the alveoli (27) , which optimizes oxygen diffusion and consequently increases peripheral saturation. Patients also showed a reduction in HRmed, which can be explained by the effects of CPAP on improved thoracoabdominal balance (28) , which decreases left ventricular transmural pressure (29) , with a consequent reduction in afterload, improvement in ejection fraction, reduction in left ventricle wall thickness and cardiac work (30) .
The analysis and description of the acute effects of CPAP are indispensable to offer a feedback proposal to patients. This strategy is being examined by our group, which may be adopted in order to improve the initial management of patients with OSA indicated for CPAP treatment. Adherence to treatment was not evaluated in this study, but may be a subject of future research.
As a routine in specialized services on evaluation and treatment of sleep, the diagnosis of OSA occurs with the first PSG and, based on indication and patient interest, CPAP titration is performed in conjunction with another PSG. This sequence of evaluations may have influenced the results, due to patients being more adapted to the site and monitoring in the second PSG. However, as there was no familiarization with CPAP, the responses may have been compromised during its use.
Conclusion
The results of this study demonstrated that CPAP, from the titration period and in a single night's sleep, reduces fragmentation and promotes improvements in sleep balance and architecture, favoring a greater decrease in nocturnal cardiac work and improved oxygenation. It is recommended that these findings be shared with patients and their families, with the aim of encouraging the use of CPAP and adherence in the initial phase of treatment.
approached the normal value defined as 20% to 25% of the TST (17) . Low-amplitude, mixed electroencephaligraphic frequencies, with rapid eye movement and low muscle tone, occur when an individual is in REM stage. In this phase, oneiric activity is more present, and the processing of dayto-day information, related to learning and memory, occurs (19) . Thus, even with only a single night of CPAP use, there may be hope for improvement of cognitive aspects by increasing REM sleep among patients with OSA.
The first night of CPAP usage enabled important reduction in AHI and AHIREM values, with some patients even ceasing to present apnea and hypopnea, which demonstrated the drop in frequency of interruptions from, or reductions in, air flow during sleep. These events increase intermittent hypoxia, which exacerbates some sub-clinical conditions such as endothelial dysfunction and atherosclerosis (20) . Considering a frequency of 20 to 30 events per hour as moderate OSA, and more than 30/h as severe (21), the mean AHI value of these patients enabled them to be classified as moderate OSA when treated with CPAP for just one night. However, it should be noted that this is a momentary response, and should not be regarded as a staging parameter of the disease. The decrease in AHI from 56 episodes/h to 20 episodes/h, even in a period of definition of the ideal parameters of the CPAP, may result in improvement in sleep architecture and OSA symptoms. As regards the relevance of AHI records, one recent study suggested the Effectiveness of Treatment Apnea-Hypopnea Index, developed to estimate control of OSA by AHI with different therapies (22) .
The significant reduction in MAI value in response to CPAP identified in our study is also of paramount importance to the management of OSA, because these events promote fragmentation of the sleep architecture and induce sympathetic activation. This imbalance in the central nervous system causes elevated systemic blood pressure and heart rate, which has deleterious effects on the cardiovascular system (3) . In that respect, MAI emerges as an indirect predictor of cardiovascular risk in patients with OSA (23, 24) . The mechanism capable of explaining the reduction in MAI is that CPAP increases the end expiratory lung volume (25) , and causes caudal traction of the trachea while maintaining continuous air flow (19) .
